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(57) ABSTRACT

A system and apparatus for reducing flutter 1n disk drive
spoilers positions the center of mass of the mean aerodynamic
section of the spoiler at or ahead of the quarter-chord location
nearest the leading edge of the spoiler. A balance weight may
be formed 1n or attached to the spoiler. The center of gravity
1s located no farther back from the leading edge than one
quarter-chord 1n a direction of the tlow field. Alternatively, the
spoiler trailing edge 1s lightened by making the trailing edge
more porous or thinner than other sections of the spoiler.

15 Claims, 2 Drawing Sheets
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SYSTEM AND APPARATUS FOR
MASS-BALANCED SPOILER IN DISK
STORAGE DEVICES

BACKGROUND OF THE INVENTION

1. Technical Field

The present mvention relates in general to an 1mproved
architecture for conditioning air flow inside data storage
devices and, 1n particular, to an improved system and appa-
ratus for mass balancing acrodynamic spoilers for disk stor-
age devices.

2. Description of the Related Art

Data access and storage systems generally comprise one or
more storage devices that store data on magnetic or optical
storage media. For example, a magnetic storage device 1s
known as a direct access storage device (DASD) or a hard disk
drive (HDD) and includes one or more disks and a disk
controller to manage local operations concerming the disks.
The hard disks themselves are usually made of aluminum
alloy or a mixture of glass and ceramic, and are covered with
a magnetic coating. Typically, one to five disks are stacked
vertically on a common spindle that 1s turned by a disk drive
motor at several thousand revolutions per minute (rpm). Hard
disk drives have several different typical standard sizes or
formats, including server, desktop, mobile (2.5 and 1.8
inches) and micro drive.

A typical HDD also uses an actuator assembly to move
magnetic read/write heads to the desired location on the rotat-
ing disk so as to write information to or read data from that
location. Within most HDDs, the magnetic read/write head 1s
mounted on a slider. A slider generally serves to mechanically
support the head and any electrical connections between the
head and the rest of the disk drive system. The slider 1s
acrodynamically shaped to glide over the disk on an air bear-
ing to maintain a uniform distance from the surface of the
rotating disk, thereby preventing the head from undesirably
contacting the disk.

The head and arm assembly 1s linearly or pivotally moved
utilizing a magnet/coil structure that 1s often called a voice
coil motor (VCM). The stator of a VCM 1s mounted to a base
plate or casting on which the spindle 1s also mounted. The
base casting with 1ts spindle, actuator VCM, and internal
filtration system 1s then enclosed with a cover and seal assem-
bly to ensure that no contaminants can enter and adversely
alfect the reliability of the slider flying over the disk. When
current 1s fed to the motor, the VCM develops force or torque
that 1s substantially proportional to the applied current. The
arm acceleration 1s therefore substantially proportional to the
magnitude of the current. As the read/write head approaches
a desired track, a reverse polarity signal 1s applied to the
actuator, causing the signal to act as a brake, and i1deally
causing the read/write head to stop and settle directly over the
desired track.

One of the major hurdles 1n hard disk drive (HDD) devel-
opment 1s track misregistration (MR ). TMR 1s the term used
for measuring data errors while a HDD writes data to and
reads data from the disks. One of the major contributors to
TMR 1s flow-induced vibration. Flow-induced vibration is
caused by turbulent flow within the HDD. The nature of the
flow 1nside a HDD 1s characterized by the Reynolds number,
which 1s proportional to a characteristic speed in the drive
(such as the speed at the outer diameter of the disk), and a
characteristic dimension (such as the disk diameter or, for
some purposes, disk spacing). In general, the higher the Rey-
nolds number, the greater the propensity of the tlow to be
turbulent.
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Due to the high rotational speed of the disks and the com-
plex geometries of the HDD components, the flow pattern
inside a HDD 1s inherently unstable and non-uniform in space
and time. The combination of flow fluctuations and compo-
nent vibrations are commonly referred to as “flutter” in the
HDD literature. The terms *“disk flutter” and “arm flutter”
refer to bulfeting of the disk and arm, respectively, by the air
flow. Unlike true flutter, the effect of the vibrations 1n HDDs
on the flow field i1s usually negligible. Even small arm and
disk vibrations (at suificiently large frequencies, e.g., 5 kHz
and higher), challenge the ability of the HDD servo system to
precisely follow a track on the disk.

Since the forcing function of vibrations 1s directly related
to flow fluctuations, 1t 1s highly desirable to reduce any fluc-
tuating variation in the flow structures of air between both
co-rotating disks and single rotating disks. One technology
for reducing flow-induced vibration 1n high capacity disk
drives 1s the acrodynamic spoiler. Spoilers with windows or
otherwise mechanically-weakened structures are often etiec-
tive as spoilers. However, a disadvantage of putting windows
or otherwise weakening spoiler structure 1s that the spoiler
may flutter. Thas 1s true flutter in the sense that the aero-elastic
system composed of the spoiler and the airflow created by the
disks has negative damping (i.e., upon detlection, the spoiler
amplifies the flow field) 1n a linear, small amplitude sense.
When negative damping occurs, the spoiler executes limit-
cycle oscillations, the amplitude of which 1s limited by either
structural failure or non-linear etfects.

Attempts to address these problems include stiffening the
structure of aecrodynamic spoilers, modifying their aerody-
namic shape, and reducing disk speed. However, drawbacks
to these solutions often defeat the primary purpose of the
spoiler, and cause a reduction 1n the performance of the drive
itselt, neither of which 1s desirable. Thus, a system and appa-
ratus for improving the architecture for conditioning air tlow
inside data storage devices would be desirable.

SUMMARY OF THE INVENTION

Embodiments of a system and apparatus of the present
invention apply several techniques to reduce track misregis-
tration (TMR) problems 1n hard disk drives (HDD). Some of
the solutions presented herein position the center of mass of
the mean acrodynamic section of the spoiler at or ahead of the
quarter-chord location nearest the leading edge of the spoiler.
For example, a balance weight formed from an HDD-quali-
fied metal may be molded into the spoiler. The center of
gravity 1s located no farther back from the leading edge than
one quarter-chord 1n a direction of the flow field.
Alternatively, a balance weight may be positioned on the
spoiler, such as an embedded feature or surface attachment. In
another embodiment, the spoiler trailing edge 1s lightened
without using a balance weight, such as by making the trailing
edge more porous or thinner than other sections of the spoiler.
This design permits the center of gravity to be positioned 1n a
desired location without a balance weight, which allows win-
dows and other aerodynamically desirable features to be
added without flutter danger. The tlow-conditioning solutions
of the present application reduce the turbulence intensity
throughout the HDD to reduce TMR. These solutions achieve
these goals while minimizing increases in the running torque
needed to overcome their inherent rotational drag.

The foregoing and other objects and advantages of the
present invention will be apparent to those skilled 1n the art, in
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view of the following detailed description of the present
invention, taken in conjunction with the appended claims and
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the features and advantages of
the invention, as well as others which will become apparent
are attained and can be understood in more detail, more
particular description of the mmvention brietfly summarized
above may be had by reference to the embodiment thereof
which 1s 1llustrated in the appended drawings, which draw-
ings form a part of this specification. It 1s to be noted, how-
ever, that the drawings 1llustrate only an embodiment of the
invention and therefore are not to be considered limiting of 1ts
scope as the invention may admit to other equally effective
embodiments.

FI1G. 1 1s a top plan view of one embodiment of a disk drive
constructed 1n accordance with the invention;

FIG. 2 15 a top view of one embodiment of a spoiler con-
structed 1n accordance with the invention; and

FI1G. 3 15 a sectional side view of another embodiment of a
spoiler constructed in accordance with the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, one embodiment of a system, method,
and apparatus for reducing track misregistration in disk drives
1s shown. This embodiment employs an information storage
system comprising a magnetic hard disk file or drive 111 for
a computer system. Drive 111 has an outer housing or base
113 (e.g., an enclosure) containing at least one magnetic disk
115. Disk 115 1s rotated by a spindle motor assembly having
a central drive hub 117. An actuator 121 comprises a plurality
of parallel actuator arms 125 (one shown) in the form of a
comb that 1s pivotally mounted to base 113 about a pivot
assembly 123. A controller 119 1s also mounted to base 113
for selectively moving the comb of arms 125 relative to disk
115.

In the embodiment shown, each arm 125 has extending
from 1t at least one cantilevered load beam and suspension
127. A magnetic read/write transducer or head 1s mounted on
a slider 129 and secured to a tlexure that 1s flexibly mounted
to each arm 125. The read/write heads magnetically read data
from and/or magnetically write data to disk 115. The level of
integration called the head gimbal assembly 1s head and the
slider 129, which are mounted on suspension 127. The shider
129 15 usually bonded to the end of suspension 127.

Suspensions 127 have a spring-like quality, which biases or
urges the air bearing surface of the slider 129 against the disk
115 to enable the creation of the air bearing film between the
slider 129 and disk surface. A voice coi1l 133 housed within a
conventional voice coil motor magnet assembly 1s also
mounted to arms 1235 opposite the head gimbal assemblies.
Movement of the actuator 121 (indicated by arrow 135) by
controller 119 moves the head gimbal assemblies radially
across tracks on the disk 115 until the heads settle on their
respective target tracks. The head gimbal assemblies operate
in a conventional manner and always move 1n unison with one
another, unless drive 111 uses multiple independent actuators
(not shown) wherein the arms can move independently of one
another.

Referring now to FIGS. 1-3, drive 111 further comprises a
spoiler 141 that 1s mounted to the enclosure 113 adjacent to
the disk 115. The spoiler 141 comprises one or more air flow
field devices that may be either symmetrically or asymmetri-
cally arrayed about the disk 115, depending upon the appli-
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cation. Each spoiler 141 comprises a foundation or support
post that 1s mounted to the enclosure 113. The support post
may be mounted to and extend between the base and cover of
the enclosure. Spoilers may be part of a comb structure
inserted among the disks.

The one or more spoilers 141 project radially mmward
toward hub 117 from a position that is outboard of the outer
diameter of the disk 1135, and are parallel to the planar sur-
faces of the disks 115. When two or more spoilers 141 are

used, a slot 1s defined between them that closely receives the
two parallel surfaces of one of the disks 115. The spoilers 141
originate at the support post and preferably extend radially to
or near the disk hub 117. However, there 1s no contact
between any portion of the spoiler 141 and the disks 115.

In one embodiment, each spoiler comprises a trapezoidal
shape (1n top view) having a leading edge 143, a trailing edge
145, and lateral side edges 147 that extend between the lead-
ing and trailing edges 143, 145.

The spoilers 141 are positioned in the air flow stream
generated by the disks 115 so that, as the disks 115 rotate, the
spoilers 141 are aligned with the air flow stream and reduce an
airr flow turbulence intensity and track misregistration
between the heads on the sliders 129 and the read/write tracks
on the disks 115. The turbulent energy generated by the
spoiler(s) 141 1s confined to a range of smaller eddies that are
more easily dissipated within the disk drive 111 than prior art
large eddies. Furthermore, spoilers detlect the airtlow toward
the disk inner diameter, where disk vibrations are more dif-
ficult to excite.

As shown 1 FIGS. 1-3, the spoilers 141 may comprise
many different configurations. For example, the spoiler 141
may be configured with an optional open window 149 that 1s
located between the edges 143, 145, 147. The spoiler 141 has
a chord length C (FIG. 3) extending 1n a direction of the air
flow field. In one embodiment (FIGS. 2 and 3), the center of
mass of the mean acrodynamic section of the spoiler may be
at or ahead (1.e., toward leading edge 143) of the quarter-
chord location 151 (FIG. 3). To position the center of mass 1n
this manner, a balance weight 153 (formed from, e.g., an
HDD-qualified metal) may be molded into or embedded 1n
the spoiler 141. The center of gravity 1s located no farther
back from the leading edge 143 than one quarter-chord in a
direction of the flow field. The balance weight 153 may
extend completely across or adjacent to the entire leading
edge 143, and extend completely between the lateral side
edges 147.

Alternatively, the balance weight may be positioned on a
surface of the spoiler 141. In another embodiment (FIG. 1),
the spoiler trailing portion 155 1s lightened without using a
balance weight. For example, the trailing portion 155 may be
tabricated as porous, or more porous or thinner than other
sections of the spoiler 141 relative to an axis of the disk 115.
The modified trailing portion 155 may extend completely
across or adjacent to the entire trailing edge 145 between the
lateral side edges 147. This design permits the center of
gravity to be positioned 1n a desired location without a bal-
ance weight, which allow the window 149 and other aerody-
namically desirable features to be added without flutter dan-
ger.

The present invention has several advantages, including
the ability to reduce TMR problems 1n HDDs. These solu-
tions break up large-scale eddies, and turbulence intensity 1s
reduced throughout the HDD to reduce TMR while minimiz-
ing increases in the running torque needed to overcome rota-
tional drag. The turbulent energy generated by the devices 1s
confined to a range of smaller eddies that are more easily
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dissipated. The large eddy break up devices can be used
individually or as multiple units 1n series.

While the mvention has been shown or described 1n only
some of 1ts forms, i1t should be apparent to those skilled 1n the
art that it 1s not so limited, but i1s susceptible to various
changes without departing from the scope of the ivention.

What 1s claimed 1s:

1. A disk drive, comprising:

an enclosure;

a disk mounted to the enclosure for rotation relative
thereto, the disk having a surface with tracks;

an actuator having a head and mounted to the enclosure for
moving the head relative to the disk such that the head
reads information from and writes information to the
tracks on the disk:

a spoiler mounted to the enclosure adjacent to the disk, the
spoiler extending radially with respect to the disk and
parallel to the surface of the disk, the spoiler having a
leading edge, a trailing edge downstream from the lead-
ing edge, lateral side edges between the leading and
trailing edges, a chord length extending 1n a direction of
an air flow field between the leading and trailing edges,
and a center of gravity located along the chord length at
a position that 1s no more than approximately one-fourth
of the chord length from the leading edge; and

a porous trailing portion 1s located on and extends from the
trailing edge toward the leading edge, and the porous
trailing portion causes the center of gravity to be no more
than approximately one-fourth of the chord length from
the leading edge.

2. A disk drive according to claim 1, wherein a weight 1s
secured to the spoiler to position the center of gravity no more
than approximately one-fourth of the chord length from the
leading edge.

3. A disk drive according to claim 2, wherein the weight 1s
molded 1n the spoiler.

4. A disk drive according to claim 2, wherein the weight 1s
attached to a surface of the spoiler.

5. A disk drive according to claim 2, wherein the weight 1s
substantially adjacent to the leading edge and extends sub-
stantially between the lateral side edges.

6. A disk drive according to claim 1, wherein the trailing
portion 1s thinner in an axial direction relative to the disk than
a leading portion of the spoiler.

7. A disk drive according to claim 1, wherein the actuator 1s
located downstream of the spoiler.

8. A disk drnive according to claim 1, wherein the trailing
portion extends completely across the entire trailing edge
between the lateral side edges.

9. A disk drnive according to claim 1, further comprising an
open window between the leading, trailing and lateral side
edges.

10. A disk drive, comprising:

an enclosure;
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a disk mounted to the enclosure for rotation relative
thereto, the disk having a surface with tracks;

an actuator having a head and mounted to the enclosure for
moving the head relative to the disk such that the head
reads miformation from and writes mnformation to the
tracks on the disk, and the actuator 1s located down-
stream of the spoiler;

a spoiler mounted to the enclosure adjacent to the disk, the
spoiler extending radially with respect to the disk and
parallel to the surface of the disk, the spoiler having a
leading edge, a trailing edge downstream from the lead-
ing edge, lateral side edges between the leading and
trailing edges, and a chord length extending in a direc-
tion of an air flow field between the leading and trailing
edges; and

a trailing portion of the spoiler 1s located on the trailing
edge and extends toward the leading edge, the trailing
portion extends completely across the entire trailing
edge between the lateral side edges, and the trailing
portion causes a position of a center of gravity of the
spoiler along the chord length to be no more than
approximately one-fourth of the chord length from the
leading edge.

11. A disk drive according to claim 10, wherein the trailing

portion 1s porous.

12. A disk drive according to claim 10, wherein the trailing
portion 1s more porous than a leading portion of the spoiler.

13. A disk drive according to claim 10, wherein the trailing
portion 1s thinner 1n an axial direction relative to the disk than
a leading portion of the spoiler.

14. A disk drive according to claim 10, further comprising
an open window between the leading, trailing and lateral side
edges.

15. A disk drive, comprising;:

an enclosure:

a disk mounted to the enclosure for rotation relative
thereto, the disk having a surface with tracks;

an actuator having a head and mounted to the enclosure for
moving the head relative to the disk such that the head
reads mformation from and writes information to the
tracks on the disk; and

a spoiler mounted to the enclosure adjacent to the disk, the
spoiler extending radially with respect to the disk and
having a leading edge, a trailing edge that 1s porous and
downstream from the leading edge, lateral side edges
between the leading and trailing edges, an open window
between the leading, trailing and lateral side edges, the
open window extends to the porous trailing edge, a chord
length extending i1n a direction of an air tflow field
between the leading and trailing edges, and a center of
gravity located along the chord length at a position that
1s no more than approximately one-fourth of the chord
length from the leading edge.
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